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FLUID INDUCER EVALUATION DEVICE AND METHOD 

FIELD OF THE INVENTION 
[0001] The present invention generally relates to evaluation of a fluid inducer 
device. More particularly, the present invention pertains to a method and device for 
evaluating a fluid inducer device. 

BACKGROUND OF THE INVENTION 
[0002] When machining a variety of materials such as metals and composites, 
lubricating fluid and/or air is generally utilized to facilitate heat transfer and/or chip 
removal. In the case of relatively small items that may be placed within a milling machine, 
for example, a stream of fluid or coolant may be delivered to the milling site via a fluid line 
separately arranged from the cutting tool. Hov^ever, when forming relatively deep holes 
and/or when machining relatively large items, for example, with portable milling devices, it 
may be advantageous to deliver fluid more directly to the tip of the cutter. So called fluid 
chucks are generally utilized to both hold these cutting tools and provide for fluid delivery. 
These fluid chucks typically include a fluid coupling and a conduit to deliver coolant to the 
cutting tool. 

[0003] A disadvantage associated with some conventional fluid chucks is that the 
flow of fluid is not regulated in connection with the cutting action and thus, fluid may flow 
out of the cutting tool while no milling action is being performed. In an attempt to 
overcome this disadvantage, automatic shutoflf valves have been incorporated into fluid 
chucks. These automatic valves are generally referred to as "inducers" as they are induced 
to initiate coolant flow in response to contact with a material being machined. However, 
these known fluid inducers have not folly overcome these disadvantages and, by way of 
example, are sometimes susceptible to leaking. Also, these inducers occasionally "stick" 
and fail to shut off the flow of fluid at the completion of a cutting operation. Problems 
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associated with stuck valves include fluid waste and "back side contamination." The 
phrase "back side contamination" refers to fluid discharged by the cutting tool after 
penetration of the material. That is, as the milling tool or drill bit exits through the back of 
the material, fluid continues to flow and splashes the back side of the material. This 
problem may be particularly troublesome in the aerospace industry. For example, when 
machining airframes, back side contamination may foul the interior of the airframe 
necessitating additional cleaning operations and involving time and money. In addition, 
there are health concerns associated with cooling fluids. Therefore, back side 
contamination may have a negative impact on the health of machine operators in the 
vicinity. 

[0004] Another disadvantage associated with known fluid chucks having automatic 
shutoff is that the preload and travel are factory set. The term "preload" refers to an 
amount of resistance the automatic shutoff mechanism requires to open it for flow, and 
thus relates to the force required to open the shutoff valve and start the flow of fluid. The 
term "travel" refers to the degree of movement of the automatic shutoff mechanism 
required to open the shutoff valve and start the flow of fluid. Optimal preload and travel 
depend upon a variety of factors such as type and thickness of material machined, diameter 
of cutting tool, feed rates, and the like. Consequently, the factory settings are usually only 
optimal for a relatively narrow range of cutting operations. 

[0005] Yet another disadvantage associated with known inducers is that the preload 
and travel settings are generally not adjustable and may tend to fluctuate with time and use. 

[0006] Accordingly, it is desirable to provide a method and apparatus capable of 
overcoming the disadvantages described herein at least to some extent. 
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SUMMARY OF THE INVENTION 
[0007] The foregoing needs are met, to a great extent, by the present invention, 
wherein in one respect a device is provided that in some embodiments evaluates a fluid 
inducer. 

[0008] An embodiment of the present invention pertains to a device for evaluating 
a fluid inducer. This fluid inducer has an inducer valve operable to open in response to a 
load. The device includes a fluid conduit, a pressure sensor, and actuator and a load 
sensor. The fluid conduit pressurizes the fluid inducer with a fluid. The pressure sensor 
senses the pressure in the fluid conduit. The actuator applies the load to the fluid inducer. 
The load sensor determines the load in response to the sensed pressure. 

[0009] Another embodiment of the present invention relates to an apparatus for 
evaluating a fluid inducer. This fluid inducer has an inducer valve operable to open in 
response to a load. The apparatus includes a means for pressurizing the fluid inducer with 
a fluid and a means for determining a fluid integrity of the fluid inducer in response to 
sensing the pressure of the fluid. The apparatus further includes a means for determining a 
load response of the fluid inducer in response to a load being exerted upon the fluid 
inducer. 

[0010] Yet another embodiment of the present invention pertains to a method of 
evaluating a fluid inducer. This fluid inducer has an inducer valve operable to open in 
response to a load. In the method the fluid inducer is pressurized with a fluid and a fluid 
integrity of the fluid inducer is determined in response to sensing the pressure of the fluid. 
In addition, a load response of the fluid inducer is determined in response to a load being 
exerted upon the fluid inducer. 

[0011] There has thus been ouflined, rather broadly, certain embodiments of the 
invention in order that the detailed description thereof herein may be better understood, and 
in order that the present contribution to the art may be better appreciated. There are, of 
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course, additional embodiments of the invention that will be described below and which 
will form the subject matter of the claims appended hereto. 

[0012] In this respect, before explaining at least one embodiment of the invention 
in detail, it is to be understood that the invention is not limited in its application to the 
details of construction and to the arrangements of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of embodiments in 
addition to those described and of being practiced and carried out in various ways. Also, it 
is to be understood that the phraseology and terminology employed herein, as well as the 
abstract, are for the purpose of description and should not be regarded as limiting. 

[0013] As such, those skilled in the art will appreciate that the conception upon 
which this disclosure is based may readily be utilized as a basis for the designing of other 
structures, methods and systems for carrying out the several purposes of the present 
invention. It is important, therefore, that the claims be regarded as including such 
equivalent constructions insofar as they do not depart from the spirit and scope of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is block diagram of an evaluation device according to an 

embodiment of the invention. 

[0015] FIG. 2 is a system diagram of the evaluation device according to another 

embodiment of the invention. 

[0016] FIG. 3 is a system diagram of a controller suitable for use in the evaluation 

device. 

(00171 FIG. 4 is a flow diagram according to an embodiment of the invention. 
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DETAILED DESCRIPTION 

[0018] The present invention provides a fluid inducer evaluation device and a 
method of evaluating the fluid inducer. In some embodiments, the invention provides for a 
fluid inducer evaluation device for determining various parameters of the fluid inducer. 
These parameters include, for example, integrity of the inducer valve, amount of pre-load 
tension, "cracking" pressure, travel distance, "full open" travel, and the like. To determine 
the integrity of the inducer valve, the fluid inducer evaluation device includes a fluid 
conduit for pressurizing the fluid inducer with a fluid and a pressure sensor that determines 
the pressure in the fluid conduit. To determine the preload tension and travel distance, the 
fluid inducer evaluation device also includes an actuator for applying the load to the fluid 
inducer and a load sensor to sense the load. 

[0019] In other embodiments, the invention provides a method of evaluating a fluid 
inducer. In this method, the fluid inducer is pressurized with a fluid and a fluid integrity of 
the fluid inducer is determined in response to sensing the pressure of the fluid. In addition, 
a load response of the fluid inducer is determined in response to a load being exerted upon 
the fluid inducer. In particular, the pre-load tension or "cracking pressure" is determined to 
be the load at which the inducer valve is opened. In addition the travel is determined to be 
a maximum amount the fluid inducer may be compressed without permanently deforming 
the fluid inducer. Furthermore, the full open travel is determined to be an amount of travel 
at which further opening of the inducer valve does not resuk in greater flow of fluid. 

[0020] Advantages of various embodiments of the invention may include, for 
example: (1) determine preload of inducer; (2) determine travel distance of inducer; (3) 
determine full open travel of Inducer; and/or (4) failure test inducer. 

[0021] Preferred embodiments of the invention will now be described with 
reference to the drawing figures, in which like reference numerals refer to like parts 
throughout. As shown in FIG. 1 an inducer testing system 1 0, also referred to as a tester 1 0 
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is configured to test an inducer 12. To facilitate disposing the inducer 12 within the tester 
10, a tail adapter 14 and head adapter 16 are respectively disposed on either end of the 
inducer 12. In order to test various parameters of the inducer 12, the tester 10 includes a 
fluid conduit 18 and a press 20. 

[0022] The fluid conduit 18 includes a pressure source 22, a regulator 24, an inlet 
valve 26, an inlet pressure sensor 28, an outlet pressure sensor 30, and an outlet valve 32. 
The pressure source 22 is configured to generate and/or provide pressure of a fluid such as 
air, water, oil, and the like. In various embodiments of the invention, the pressure source 
22 may include a pump, a container of pressurized fluid, and the like. In addition, a 
vacuum source may be utilized to replace or supplement the action of the pressure source 
22. The regulator 24 is configured to modulate fluid pressure supplied by the pressure 
source 22. The regulator 24 may be manually adjustable and/or electronically controlled. 
Suitable examples of regulators include at least, piston-type regulators, diaphragm-type 
regulators, proportional air valves, and the like. However, the regulator 24 is optional and, 
for example, given a pressure source 22 configured to suitably regulate fluid pressure, the 
regulator 24 may be omitted. 

[0023] The inlet valve 26 and outlet valve 32 are configured to modulate the flow 
of fluid flowing respectively therethrough. For example, the inlet valve 26 is disposed 
upstream of the inducer 12. That is, the inlet valve 26 is disposed between the pressure 
source 22 and the inducer 12 and configured to control the flow of fluid to the inducer 12 
from the pressure source 22. The outlet valve 32 is disposed downstream of the inducer 12 
and configured to control the flow of fluid out of the fluid conduit 1 8. The inlet pressure 
sensor 28 and outlet pressure sensor 30 are configured to sense the pressure of the fluid at 
their respective locations and display or output these respective sensed pressures. Any 
suitable pressure sensor may be utilized. Examples of suitable pressure sensors include 
pressure gauges, pressure transducers and the like. 

6 



Attorney Docket No. 05165.1260 
Customer No. 30734 



PATENT 



[0024] To test the inducer 12, it is disposed between the inlet pressure sensor 28 
and the outlet pressure sensor 30. For example, the tail adapter 14 and the head adapter 16 
may be threaded or otherwise attached to the inducer 12, the inlet pressure sensor 28 may 
be attached to the tail adapter 14, and the head adapter 16 may be attached to the outlet 
pressure sensor 30. In addition, the various components of the fluid conduit 18 are 
operably attached one to another. For example, a plurality of hoses, pipes, fittings and/or 
the like may be utilized to interconnect the various components of the fluid conduit 18. 

[0025] The press 20 includes a stand 34 on to which is attached an actuator 36, load 
cell 38, and linear potentiometer 40. The actuator 36 is configured to apply force to the 
inducer 12. The load cell 38 is configured to determine the amount of force applied to the 
inducer 12. The linear potentiometer 40 is configured to determine an amount of travel 
exhibited by the inducer 1 2. In addition, the actuator 36 includes a platform 42 attached to 
the actuator 36 via a shaft 44. The platform 42 is configured to provide a surface on to 
which the tail adapter 1 4 may rest. In this manner, force generated by the actuator 36 may 
be translated via the shaft 44, the platform 42 and the tail adapter 14 to the inducer 12. 
Furthermore, this force is translated through the inducer 12 and to the load cell 38 via the 
head adapter 16 and an arm 46 of the load cell 38. The fiinctionality of the various 
individual components described herein may be subsumed within other components of the 
tester 10. For example, the tail adapter 14, the platform 42 and the shaft 44 may be 
incorporated into a single component configured to provide the fiinctionality of the tail 
adapter 14, the platform 42 and the shaft 44. 

[0026] In an embodiment of the invention, the actuator 36 includes a handle 48. 
This handle 48 is operable to be moved, by a user for example, in direction A. In response 
to the handle 48 moving in direction A, the actuator 36 is configured to produce a 
movement of the platform 42 in direction B. However, in various other embodiments, the 
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actuator 36 may move the platform 42 in direction B in any suitable manner. For example, 
the actuator 36 may include a pneumatic ram, servo motor, and the like. 

[0027] To determine an amount of travel or movement of the inducer 12 during 
testing, the linear potentiometer 40 includes an arm 50. This arm 50 is configured to rest 
upon the platform 42 and move in response to movement of the platform 42. hi addition, 
the arm 50 and/or the linear potentiometer 40 may be positioned or reset to zero prior to 
testing of the inducer 12. In various other embodiments, the arm 50 may be attached to the 
tail adapter 14 or any other suitable structure such that the linear potentiometer 40 is 
operable to sense the travel of the inducer 12 during testing. Furthermore, the linear 
potentiometer 40 may be incorporated within the actuator 36 and thus, the arm 50 is 
optional and may be omitted. Li this regard, servo motors typically are position aware and 
thus, if the actuator 36 includes a servo motor, the fonctionality of the linear potentiometer 
40 may be assumed by the actuator 36. 

[0028] In various embodiments of the invention, the tester 10 is configured to 
evaluate the action of an inducer valve 52 disposed within the inducer 1 2. The location and 
conformation of the inducer valve 52 may depend upon the particular type of fluid inducer 
to be tested. A description and illustration of at least one suitable inducer valve may be 
found in co-pending U.S. Patent Application Serial No. Not Yet Assigned, filed NOT YET 
FILED 2003, titled Fluid Chuck Device, the disclosure of which is incorporated herein by 
reference in its entirety. 

[0029] To facilitate associating test results with the particular fluid inducer being 
tested, the inducer 12 may optionally include an identification mark and/or device (ID) 54. 
This ID 54, if present, may be in the form of a Universal Product Code (UPC)/ European 
Article Number (EAN) bar code, a radio frequency (RF) tag, or the like. Furthermore, it is 
within the scope of the invention that the ID 54 may be at least one engraved, stenciled or 
stamped alpha numeric character. 
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[0030] FIG. 2 is a system diagram of the tester 1 0 according to another embodiment 
of the invention. The tester 1 0, according to the embodiment described in FIG. 2, is similar 
to the embodiment described in FIG. 1. Thus, in the interest of brevity, those elements 
described in FIG. 1 will not be again described with respect to FIG. 2. As shown in FIG. 2, 
the tester 10 includes an evaluation controller 56. This evaluation controller 56 is 
configured to control and modulate the various components of the tester 10. Therefore, 
each of the various components of the tester 10 of this embodiment are configured to be 
directly and/or indirectly controlled electronically. For example, to control the operation of 
the pressure source 22, the tester 1 0 may include a motor speed controller 58 configured to 
receive instructions output from the evaluation controller 56 and, based on these 
instructions, modulate a motor of a compressor serving as the pressure source 22. 

[0031] The tester 1 0 may, optionally, include a multitude of additional components 
such as a keypad 60, display 62, scanner 64, and memory 66. These and other components 
may be configured to intercommunicate with the evaluation controller 56 in any suitable 
manner. For example, intercommunication may be performed via wires and/or in a 
wireless manner. The keypad 60 is configured to provide the user the capability to forward 
instructions to the evaluation controller 56. For example, the keypad 60 may include keys 
to start test, stop test, fatigue test, tare weight, change mode, and the like. The display 62 is 
configured to provide visual information to the user. For example, in response to 
information forwarded by the evaluation controller 56, the display 62 may display such 
information as test status, results of a test, and the like. In another form, the display 62 
may include a touch screen configured to provide a data entry capacity to the user. In this 
regard, the fiinctionality of the keypad 60 may be subsumed within the display 62. 

[0032] The scanner 64 is configured to sense the identity of the identification (DD) 
54. This ID 54, if present, may be in the form of a Universal Product Code (UPC)/ 
European Article Number (EAN) bar code, a radio frequency (RF) tag, or the like. 
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Accordingly, depending upon the specific form of the ID, the scanner 64 may be 
configured to sense the various ID forms. In this manner, results of any tests performed 
upon the inducer 12 may be stored and a testing history of the inducer 12 may be 
maintained. In this regard, the memory 66 is configured to store data received from the 
evaluation controller 56 and forward data requested by the evaluation controller 56. 
Examples of data that may be stored to the memory 66 include IDs, sensor readings, dates, 
response profile of the load sensor 36, and the like. In order to consolidate any test results 
for a particular inducer 1 2, a table 68 may be stored to the memory 66. This table 68 may 
be created in response to testing the inducer 12 a first time. Test results corresponding to 
this first test and any subsequent testing of the inducer 1 2 may be stored to the table 68. In 
this manner, a testing history may be evaluated for the inducer 1 2 and a performance trend 
may be extrapolated. It is an advantage of embodiments of this invention that the 
performance trend may be utilized to facilitate maintenance or retirement of the inducer 12 
prior to failure. 

[0033] The tester 10 may fijrther include a network 70 configured to 
intercommunicate with the evaluation controller 56. The network 70 may include a local 
area network (LAN), wide area network (WAN), wireless network, the Internet, and the 
like. The network 70 may fiirther include, for example, a database 72, server 74, and a 
multitude of other networked devices. The database 72 may be configured to store the 
table 68. 

[0034] FIG. 3 is a system architecture for the evaluation controller 56 suitable for 
use in the tester 10 according to FIG. 2. As shown in FIG. 3, the evaluation controller 56 
includes a processor 78. This processor 78 is operably connected to a power supply 80, 
memory 82, clock 84, analog to digital converter (A/D) 86, and an input/output (I/O) port 
88. The I/O port 88 is configured to receive signals from any suitably attached electronic 
device and forward these signals to the A/D 86 and/or the processor 78. For example, the 
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I/O port 88 may receive signals associated with load sensed by the load cell 38, the inlet 
pressure sensor 28 and/or the outlet pressure sensor 30 and forward the signals to the 
processor 78. If the signals are in analog format, the signals may proceed via the A/D 86. 
In this regard, the A/D 86 is configured to receive analog format signals and convert these 
signals into corresponding digital format signals. Conversely, the ATD 86 is configured to 
receive digital format signals from the processor 78, convert these signals to analog format, 
and forward the analog signals to the I/O port 88. In this manner, electronic devices 
configured to receive analog signals may intercommunicate with the processor 78. 

[0035] The processor 78 is configured to receive and transmit signals to and from 
the A/D 86 and/or the I/O port 88. The processor 78 is further configured to receive time 
signals from the clock 84. In addition, the processor 78 is configured to store and retrieve 
electronic data to and from the memory 82. Furthermore, the processor 78 is configured to 
determine signals operable to modulate the motor speed controller 58 and/or the regulator 
24 and thereby control the pressure within the fluid conduit 1 8. Similarly, the processor 78 
is configured to modulate the inlet valve 26, outlet valve 32, and actuator 36. 

[0036] According to an embodiment of the invention, the processor 78 is 
configured to determine if there is a leak in the fluid conduit 1 8 and, if so, where the leak is 
occurring. For example, the processor 78 may control the actuator 36 to remove any force 
upon the inducer 12 and thereby facilitate closing the inducer valve 52. The processor 78 
may fiirther control the pressure source 22 to provide pressure, the inlet valve 26 to open, 
and the outlet valve 32 to close. In this manner, the fluid conduit 18 may be pressurized 
from the pressure source 22 to the inducer 12. An increase in pressure at the outlet 
pressure sensor 30 may indicate a leak in the inducer valve 52. A leak may be fiirther 
tested for by closing the inlet valve 26 and waiting a predetermined amount of time. The 
leak, if present, will thereby result in a pressure drop at the inlet pressure sensor 28. If the 
leak is confined to the inducer valve 52, a corresponding increase in fluid pressure may be 
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sensed at the outlet pressure sensor 30. However, leaks to a housing and/or fittings of the 
inducer 12 may result in an overall drop in fluid pressure. 

[0037] In addition, the processor 78 is configured to determine one or more other 
parameters associated with the inducer 12. These parameters may include a "cracking 
pressure" of the inducer, a "full open" travel, and a maximum travel of the inducer 12. The 
term "cracking pressure" is utilized to describe the force or pressure at which the inducer 
valve 52 is caused to open. The term "full open" is utilized to described an amount of 
travel at which further opening of the inducer valve 52 does not result in greater flow of 
fluid. The term maximum travel or max travel is utilized to describe an amount of travel at 
which essentially no further travel may occur without permanently deforming components 
of the inducer 12. An example of one or more procedures that may be performed in order 
to determine these parameters is described herein. 

[0038] Furthermore, the processor 78 is configured to determine a status of the 
inducer 12. The status may include pass, fail, out of adjustment, or defective. This status 
may be determined based on the results of one or more tests. For example, if the processor 
78 determines that the fluid conduit 18 leaks, the processor 78 may determine that the 
inducer 12 is defective or otherwise in need of repair. In another example, if the processor 
78 determines that the cracking pressure is outside a predetermined range of acceptable 
cracking pressures, the processor 78 may determine that the inducer 12 is out of 
adjustment. 

[0039] FIG. 4 is a flow diagram of a method 90 for testing the inducer 12. As 
shown in FIG, 4, the method 90 may be initiated in response to turning on the tester 10 at 
step 92. At steps 94 to 98 the inducer 1 2 may be prepared for testing. For example, at step 
94 the inducer 12 is identified by sensing the ID 54 with the scanner 64. In addition, the 
reading for the ID 54 is utilized to retrieve data associated with the inducer 12 from table 
68 and/or the database 72. In this manner, any testing history for the inducer 12 may be 
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retrieved and compared to data ascertained while performing the method 90. Furthermore, 
if the table 68 has not yet been created for the inducer 12, at step 94, the table 68 is 
generated. Moreover, the table 68 may be stored to the memory 66 and/or the database 72 
at step 94. 

[0040] At step 96 the fluid conduit 1 8 is attached to the inducer 12. For example, 
the various components of the fluid conduit 1 8 may be interconnected via hoses or the like. 
In addition, the tail adapter 14 and the head adapter 16 may, optionally, be attached to the 
inducer 12. 

[0041] At step 98 the inducer 12 is mounted in the tester 10. For example, the 
inducer 12 may be disposed between the platform 42 and the arm 46. In addition, the 
linear potentiometer 40 is zeroed manually or automatically. In an embodiment of the 
invention, the linear potentiometer 40 is zeroed by sliding the linear potentiometer 40 along 
the stand 34 until the arm 50 makes contact with the platform 42. In another embodiment 
in which a servo motor is utilized in the actuator 36, the actuator 36 is controlled to raise 
the inducer 12 until contact is sensed by the load cell 38. At this point, the travel is 
determined to be zero. 

[0042] At step 100 the integrity of the fluid conduit 18 and the inducer 12 is 
evaluated. For example, the inducer valve 52 may be opened by modulating the actuator 
34 to exert sufficient force upon the inducer 12, the inlet valve 26 may be opened, the 
outlet valve 32 may be closed, and regulated pressure may be introduced to the fluid 
conduit 18 by the pressure source 22. In this manner, the fluid conduit 18 is pressurized 
from the pressure source 22 to the outlet valve 32. 

[0043] At step 102 it is determined if a leak is present. For example, by closing the 
inlet valve 26 and waiting a predetermined amount of time a leak, if present, will thereby 
result in a pressure drop at the inlet pressure sensor 28 and outlet pressure sensor 30. The 
predetermined amount of time may be based upon a variety of factors. These factors 
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include at least, viscosity of the test fluid, pressure of test fluid within the fluid conduit 1 8, 
manufacturers specification, empirical data, and the like. If it is determined that the 
inducer 12 is substantially free of leaks, the inducer 12 may be further tested at step 106. If 
it is determined that a leak is present at step 102, the location of the leak may be 
determined at step 104. 

[0044] At step 104, the general location of the leak is determined. For example, 
pressure within the fluid conduit 18 may be released, the inducer valve 52 may be closed 
by modulating the actuator 34 to essentially remove any force upon the inducer 12, the inlet 
valve 26 may be opened, the outlet valve 32 may be closed, and regulated pressure may be 
introduced to the fluid conduit 18 by the pressure source 22. In this manner, the fluid 
conduit 18 may be pressurized from the pressure source 22 to the inducer 12. An increase 
in pressure at the outlet pressure sensor 30 may indicate a leak in the inducer valve 52. A 
leak may be further tested for by closing the inlet valve 26 and waiting a predetermined 
amount of time. The leak, if present, will thereby result in a pressure drop at the inlet 
pressure sensor 28. If the leak is confined to the inducer valve 52, a corresponding increase 
in fluid pressure may be sensed at the outlet pressure sensor 30. However, leaks to a 
housing and/or fittings of the inducer 12 may result in an overall drop in fluid pressure. 
Following the step 1 04, a failure of the inducer 12 may be noted and results associated with 
the method 90 may be stored to the table 68 at step 1 14. 

[0045] At step 1 06 the cracking pressure of the inducer valve 52 is determined. In 
preparation for determining the cracking pressure, the fluid conduit 1 8 may be pressurized. 
For example, pressure within the fluid conduit 18 may be released, the inducer valve 52 
may be closed by modulating the actuator 34 to essentially remove any force upon the 
inducer 12, the inlet valve 26 may be opened, the outlet valve 32 may be closed, and 
regulated pressure may be introduced to the fluid conduit 1 8 by the pressure source 22. In 
this manner, the fluid conduit i 8 is pressurized from the pressure source 22 to the inducer 
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1 2. To determine the cracking pressure, the actuator 34 is modulated to place an increasing 
amount of load upon the inducer 12. In addition, the load cell 38 senses the increasing 
load, the linear potentiometer 40 and/or the actuator 34 senses any travel, and the inlet 
pressure sensor 28 and/or the outlet pressure sensor 30 senses the fluid pressure in the fluid 
conduit 1 8. In response to determining a change in fluid pressure within the fluid conduit 
1 8, it is determined that the cracking pressure has been achieved. For example, a decrease 
in pressure upstream of the inducer valve 52 and/or an increase in pressure downstream of 
the inducer valve 52 is indicative that the cracking pressure has been achieved. In response 
to determining the cracking pressure has been achieved, the various sensed values such as 
fluid pressure, travel, load, and the like are stored to the table 68. 

[0046] At step 108, the wide open pressure is deterinined. For example, the inlet 
valve 26 and outlet valve 32 may be opened and the pressure source 22 and/or the regulator 
24 may be controlled to provide a sufficient supply of fluid so as to generate a detectable 
difference in fluid pressure between the inlet pressure sensor 28 and the outlet pressure 
sensor 28. In addition, the actuator 34 may be controlled to increase the load upon the 
inducer 12. In response to the increased load, the inducer valve 52 opens to a 
correspondingly greater extent. This further opening of the inducer valve 52 results in a 
reduction in the pressure differential between the inlet pressure sensor 28 and the outlet 
pressure sensor 30. The wide open pressure is determined to be the amount of load exerted 
upon the inducer 1 2 at which a further increase in load does not result in a further reduction 
in the pressure differential. To determine the wide open pressure, it may be advantageous 
to control the pressure source 22 and/or the regulator 24 to increase the fluid supply during 
the step 108 to thereby facilitate maintaining a detectable pressure differential. According 
to another embodiment of the invention, a flow meter may be utilized to determine the 
wide open pressure. In this embodiment, the flow meter is disposed in the fluid conduit 1 8 
and configured to determine a fluid flow rate passing through the inducer 12. ]n response 
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to the inducer valve 52 fiirther opening, the flow meter senses a corresponding increase in 
flow. In this embodiment, the wide open pressure is determined to be the amount of load 
exerted upon the inducer 12 at which a further increase in load does not resuh in a further 
increase in flow through the fluid conduit 1 8. hi response to determining the wide opening 
pressure, the various sensed values such as fluid pressure, fluid flow, travel, load, and the 
like are stored to the table 68. 

[0047] At step 110 the maximum travel is determined. For example, the load 
exerted by the actuator 12 upon the inducer 12 is increased until essentially no further 
travel is sensed by the linear potentiometer 40 and/or the actuator 34. In another example, 
a predetermined amount of load is exerted upon the inducer 12 by the actuator 34. This 
predetermined amount of load is based on a plurality of factors such as, for example, a 
nominal amount of load expected during milling or boring operations, manufacturers 
specifications, empirical testing, and the like. In response to determining the maximum 
travel, the various sensed values such as fluid pressure, fluid flow, travel, load, and the like 
are stored to the table 68. 

[0048] At step 112 it is determined whether the inducer 12 is operating within 
predetermined parameters. For example, one or more of the cracking pressure, wide open 
pressure, and maximum travel are compared to a respective predetermined range of values. 
If it is determined that the inducer 12 is operating within the predetermined parameters, it 
is determined that the inducer 12 has passed and, at step 1 16, the resuhs of the method 90 
are stored to the table 68. If it is determined that at least one of the cracking pressure, wide 
open pressure, or maximum travel are outside the respective predetermined range values, it 
is determined that the inducer 12 has failed the test. In response to the inducer 12 failing 
the method 90, at step 1 14, the date and time of the failure are stored to the table 68. 

[0049] At step 1 14 the date and time of the failure are stored to the table 68. For 
example, a timestamp and the ID 54 may be stored along with at least one of the cracking 
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pressure, wide open pressure, or maximum travel. In addition any failing parameter may 
be flagged. In this manner, the results of the method 90 may facilitate servicing the inducer 
12. Following the step 1 14, the tester 10 may idle until instructed to perform another test. 

[0050] At step 116 the date and time of the method 90 are stored to the table 68. 
For example, a timestamp and the ID 54 are stored along with at least of the cracking 
pressure, wide open pressure, or maximum travel. In addition, by comparing the results of 
the method 90 performed at a plurality of instances, the results of the method 90 may be 
utilized to determine a performance trend of the inducer 12. This performance trend may 
be utilized to service the inducer 12 prior to a failure. Following the step 114, the tester 1 0 
may idle until instructed to perform another test. 

[0051] Additionally, the method 90 may be performed a plurality of times and 
average values calculated from the determined values at each iteration. Furthermore, the 
inducer 12 may be fatigue tested in a similar manner. For example, the method 90 is 
performed until at least one parameter is outside its corresponding predetermined value. In 
this manner, response characteristics of the inducer 1 2 is determined over the useful life of 
the inducer 12. 

[0052] The many features and advantages of the invention are apparent from the 
detailed specification, and thus, it is intended by the appended claims to cover all such 
features and advantages of the invention which fall within the true spirit and scope of the 
invention. Further, since numerous modifications and variations will readily occur to those 
skilled in the art, it is not desired to limit the invention to the exact construction and 
operation illustrated and described, and accordingly, all suitable modifications and 
equivalents may be resorted to, falling within the scope of the invention. 
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